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ON THE NECxATIVE AND POSITIVE PHOTOTROPISM 

OF THE EARTHWORM ALLOLOBOPHORA FCETIDA 

(SAV.) AS DETERMINED BY LIGHT OF DIFFERENT 

INTENSITIES. 

By GEORGE P. ADAMS. 

THAT earthworms are negatively phototropic, that is, creep away 
from a source of light, has been frequently demonstrated, and 
the extent to which this is true has already been roughly estimated 
for Allolobophora foetida. Parker and Arkin (:oi, p. 154) found 
that when this worm was illuminated on the whole of one side by a 
light of 3.3 to 4.0 candle-metres intensity, 30.2 per cent of the head 
movements were away from the light. Of these, however, 4.2 per 
cent were due to other deflecting causes than light, and hence 26 per 
cent may be taken as a measure of the deflecting effect of the light. 
Miss Smith (:02, p. 469) carried out similar experiments, but by 
slightly different methods, and found that 61 per cent of the reactions 
were in a generally negative direction. If Miss Smith's results are 
interpreted in the way in which Parker and Arkin's were, it would 
appear that 61 per cent less 22 per cent, or 39 per cent, is the propor- 
tion of reactions to be attributed to the deflecting effect of the light. 
Thus, there is a disagreement in the two sets of records amounting to 
the difference between 39 per cent and 26 per cent. This disagree- 
ment may be due to differences in the intensities of the light used in 
the two sets of experiments. Miss Smith carried on her experiments 
in diffuse daylight, but as she gives no data from which the intensity 
can be calculated, this assumption may or may not be correct. 

The present investigation was made under the direction of Dr. G. 
H. Parker, to ascertain the relation between the intensity of the light 
to which the earthworm Allolobophora foetida (Sav.) was exposed, 
and its negative phototropic reactions ; and to find out under what 
conditions, if any, the reactions would become positive. Inversions 
in the sense of the phototropism have already been recorded for a 
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number of animals. Thus, Wilson (^91, p. 414) has shown that 
Hydra is negative to bright light, and positive to dim light; and 
the same has been demonstrated for Polygordius larvae by Loeb 
C93> P' 89), for Limax by Frandsen (:oi, p. 206), and for the 
females of the Copepod Labidocera aestiva by Parker (: 02, p. 114). 
In these instances negative phototropism is associated with an 
increased intensity of light, and this seems to be a general rule, 
though there is at least one exception to it, namely, in Orchestia agilis. 
This crustacean, as reported by Holmes (: 01, p. 216), becomes posi- 
tive in bright light, but is subsequently negative when transferred to 
diffuse daylight. 

In testing Allolobophora foetida, twelve different intensities of 
light were used, ranging from 192 candle-metres to o.ooi candle- 
metre. The first set of experiments was made with one piece of 
apparatus, using eleven different intensities. The second set was 
carried on with another apparatus, using the lowest intensity of light, 
O.OOI candle-metre. A third set of experiments, devised to check 
any disagreement between the results of the other two sets, due to 
a difference in the apparatus, was carried on with both pieces of 
apparatus, using the same light intensity for each. 

The first apparatus (Fig. i), which may be called the high-intensity 
apparatus, was essentially the same as that used by Parker and Arkin 
(: 01, pp. 1 51-152). It consisted of a dark chamber (jO) illuminated 
only through a horizontal oblong opening by a distant incandescent 
electric lamp (5). A glass jar (-^), with parallel sides 6.25 cm. 
apart, and containing water, was placed immediately in front of the 
lamp to cut off heat. Within the dark chamber, directly in the path 
of the beam of light coming through the oblong opening, was a glass 
plate (C), suspended so that it was horizontal and could be easily 
rotated about its vertical axis. The glass was covered with wet filter 
paper, which was frequently changed. The light intensity is given 
for each experiment in candle-metres, and is the intensity of the 
beam of light at the centre of the plate. In all cases, the candle- 
power of the incandescent lamp was determined by a Lummer- 
Brodhun photometer. 

In the first set of experiments, for each of the eleven light 
intensities, twenty fresh worms were used. Each worm was headed 
across the filter paper on the glass plate in a direction at right angles 
to the rays of light. As the worm crept, the plate was rotated, so 
that the axis of the worm was kept constantly at right angles to the 
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direction of the light. Ten readings were taken on each worm ; five 
with the light falling on the worm's right side, and five with the light 
on the left side. Thus, for each intensity, there were two hundred 
readings. As is well known, the worm creeps by projecting the head 
forward, and then drawing the body toward the head. When the 
worm projected the head in a line with the axis of the posterior part 
of the body, the reaction was called indifferent (o) ; when the head 
was moved to one side, if it was toward the light, the reaction was 
called positive (+) ; if away from the light, negative (— ). For each 
of the eleven intensities, there was a total excess of negative over 
positive reactions. By subtracting the positive from the negative 
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Figure 1. — Ground plan of high-intensity 
apparatus. A^ glass vessel containing 
water to intercept heat rays; B, incan- 
descent electric lamp; C, dark-chamber; 
G^ glass plate covered with wet filter 
paper upon which the worms were made 
to creep ; Z, lantern ; P^ light-proof pas- 
sage used by Parker and Arkin, but 
omitted in these experiments because 
the apparatus was set up in a dark-room 
with blackened wall. 

reactions, the number of negative reactions due to the directive influ- 
ence of the light was obtained ; for, since the positive reactions are 
not caused by the light, but by other influences, such as irregularities 
of the surface over which the worm is creeping, etc., it is clear that 
an equal number of the negative reactions are likely to be caused by 
these other influences, and it is, therefore, necessary to subtract the 
number of these from the total number of negative reactions, to get 
the real number of such reactions due to light only. 

Table I gives the result of the first set of experiments. The light 
intensities in candle-metres are given in the first column on the left. 
In the next two groups of columns are given, for the right and left 
sides respectively, the number of times the worm moved indifferently 
(o), negatively (— ), and positively (+), and the excess of negative over 
positive reactions. In the third group, the total reactions of the 
worm for both sides are given. 

From an inspection of the third group of the table, it appears that 
the maximum number of reactions to be attributed to the directive 
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influence of the light is found, not in the most intense light, but in 
the third intensity used, 48 candle-metres. From this intensity there 
is a rather constant decrease in the amount of this excess, corre- 
sponding with a decrease of light intensity. The lowest intensity used 
with this apparatus, 0.012 candle-metre, shows an excess of only 6 
negative reactions out of a total of 200. There is also a less regular 
increase in the number of positive reactions, as the light becomes 

less intense. 

TABLE I. 
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The record for negative light reactions {26 per cent) for the single 
intensity of about 3.6 candle-metres obtained by Parker and Arkin 
finds an appropriate place in this table, in that, falling between 
5 candle-metres and i candle-metre, its negative light reaction (26 
per cent) also falls between those of 5 (38.5 per cent) and of i 
(24.5 per cent), though the position is not one that yields smooth 
results. The fact that the number of negative light reactions varies 
with the intensity makes it highly probable that the difference be- 
tween the records of Parker and Arkin, and those of Smith, are to be 
explained as due to difference of intensity. Judged from the series 
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exhibited in Table I, the intensity of light used by Smith was not far 
from 5 candle-metres, a condition easily obtainable from diffuse daylight. 
The decrease in the excess of negative over positive reactions 
corresponding with a decrease of light intensities suggested that if 
the light were still further decreased, the negative light reactions 
might entirely disappear, or even be replaced by positive ones. To 
test this, the first piece of apparatus could not be used, because at 
intensities of light lower than o.oi candle-metre it was found impos- 
sible to follow with the eye the movements of the worm. To obviate 
this difficulty, the second piece of apparatus was devised. This 
apparatus (Fig. 2), which may be called the low-intensity apparatus, 
consisted of two dark chambers in contact with each other, shown in 
plan in the figure. In the first chamber (^), a vertical white screen 

{CD) was placed in a diagonal position, 
so that it reflected light from an elec- 
tric incandescent lamp (^E) through a 
small aperture (/^) between the two 
chambers. This reflected light entered 
the second chamber (5), and there 
passed over a horizontal glass plate 
(C). It was found that when the rela- 
tions of the light, screen, and plate were such as are given in the dia- 
gram, with an incandescent lamp of 8.25 candle-power, and a circular 
aperture of i mm. diameter, an illumination of o.ooii candle-metre 
was obtained at the centre of the plate. Wet filter paper was used 
on the plate, and two thick, narrow strips of glass {HH^^ like those 
employed by Smith (:o2), were placed on the filter paper in parallel 
positions, with only enough space between them to allow the worm 
to creep. This narrow path between the two strips was in a direc- 
tion at right angles to the central rays of light which came through 
the aperture. After starting the worm in this path, the chambers 
were closed so as to exclude all outside light. Time enough was 
given to allow the worm to creep into the field beyond the two strips 
of glass ; chamber B was then opened, and the position of the worm 
noted. If the worm was headed toward the light, it was called a 
positive reaction; if away from the light, a negative one; and if the 
worm had moved without changing its original direction, an indif- 
ferent one. 

Twenty fresh worms were used as before, and for each worm two 
sets of readings were made. In one set, the worm was illuminated 
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by the beam of light of 0.00 1 1 candle-metre intensity; in the other 
set, the aperture was closed, that is, the worm was in total darkness. 

TABLE II. 
Reactions of Allolobophora to Light of O.OOU Candle-Metre, and in 

Darkness. 
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In each set, ten readings were made on each worm, five with the 
worm's right side toward the aperture, which in one set was open and 
in the other closed, and five with the left side toward the aperture. 
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Table II gives the reactions of the twenty worms. The readings 
of the right and left sides of the worm have been combined. In the 
first column on the left is given the number of the worm. In the 
left-hand group of columns are given the reactions of the worm in 
light of o.ooii candle-metre; and in the right-hand group are given 
the reactions in darkness. At the bottom, the total reactions for the 
twenty worms are recorded (see Table II, page 31). 

It appears, first, that there is a great reduction in the number of 
indiflferent movements over the number obtained with the first piece 
of apparatus. This is explained by the fact that in the second appa- 
ratus the slightest deviation of the worm from the indifferent path, 
which was marked by a pencil line on the filter paper, could be 
observed ; and thus many reactions which would have been recorded 
as indifferent in the first apparatus were here shown to be either 
positive or negative. Of the reactions of the worms in total darkness, 
in all 200, 7 were indifferent, 100 were toward the aperture (which 
was now closed), and 93 were away from it. The 200 reactions of 
the same worms in light of 0.00 11 candle-metre at the plate, were as 
follows : 3 were indifferent, 138 were toward the light, and 59 were 
away from the light, there being an excess of 79 positive reactions. 
Moreover, there was never found an excess of negative over positive 
movements in the case of any worm. This clearly points to the 
conclusion that light of low intensity induces positive phototropic 
reactions. 

To ascertain whether the results obtained by the high-intensity 
and by the low-intensity apparatus were fairly comparable, a third set 
of experiments was tried, in which worms were tested at the same 
light intensity (i candle-metre) in both pieces of apparatus. Twenty 
fresh worms were used, each one first in one apparatus, and then in 
the other. In each apparatus, ten readings were made, five with the 
light on the right side, and five with it on the left side of the worm. 

Table III shows the result of this set of experiments. The figures 
given are the totals for the twenty worms, right and left sides 
combined (see Table III, page 33). 

A much larger number of indifferent movements •were obtained on 
the high-intensity apparatus, but the total excess of negative over 
positive movements is so nearly alike for each (25 per cent and 
29 per cent), that one may assume that the records of the two sets of 
experiments are fairly comparable, and therefore, from the observa- 
tions recorded in Tables I and II, draw the conclusion that Allolo- 



Negative and Positive Phototropism of the Earthworm, 33 

bophora foetida is negative to light intensities between 192 and 0.012 
candle-metres, and positive at 0.00 11 candle-metre. 

The results of these experiments are in harmony with certain daily 
habits of earthworms. During the daytime, while the light is of 

TABLE III. 



Direction of reactions. 
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— over -I-. 
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relatively high intensity, these animals retreat into their burrows 
because of negative phototropism. At night-time, however, they 
emerge from their burrows, not .because of the absence of light, but 
by reason of their positive phototropism to light of low intensity, for 
even in the darkest night there is faint light. 



Conclusions. 

1. Allolobophora foetida is 7iegatively phototropic toward the light 
from electric incandescent lamps varying in intensity from 192 candle- 
metres to 0.012 candle-metre; the percentage of negative head-move- 
ments referable to lights of different intensities are as follows: 41.5 
per cent (192 cm.), 41.5 per cent (90 cm.), 59 per cent (48 cm.), 
45 per cent (31 cm.), 45.5 per cent (12 cm.), 38.5 per cent (5 cm.), 
24.5 per cent (i cm.), 14 per cent (0.128 cm.), 12 per cent (0.050 cm.), 
5 per cent (0.020 cm.), and 3 per cent (0.012 cm.). 

2. A. foetida is positively phototropic toward an electric incan- 
descent lamp of o.ooii candle-metre intensity. 

3. Earthworms retreat into their burrows during daytime because 
of their negative phototropism. They emerge at night not so much 
because of darkness as because of their positive phototropism for 
faint light. 
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') 22. Hitter, W. E. — The Parietal Eye in some Lizards from the Western United States. 
B. M. C. Z. ao : 209-228. 4 pis. Jan., 1891. 

23. Davenport, C. B.— Preliminary Notice on Budding in Bryozoa. P. A. A. 35: 
278-282. Mar., 1891. 

24. WooDWORTH, W. M. — Contributions to the Morphology of the Turbellaria. — I. On 
the Structure of Phagocata gracilis, Leidy. B. M. C. Z. 31 : 1-44. 4 pis. Apr,, 
1891. 

rp 25. Parker, G. n. — The Compound Eyes in Crustaceans. B. M. C. Z. 31 : 45-142. 
10 pis. May, 1891. 

26. Ward, II. B. — On some Points in the Anatomy and Histology of Sipuuculus 
nudus, L. B. M. C. Z. 31 : 143-184. May, 1891. 

D 27. Field, II. II. — The Development of the Pronephros and Segmental Duct in Am- 
phibia. B. M. C. Z. 31 : 201-342. 8 pis. Jun., 1891. , a 

y 28. Davenport, C. B. — Observations on Budding in Paludicella and some otHer Bryo- )k ' -j 
zoa. B. M. C. Z. 33 : 1-114. 12 pis. Dec, 1891. -<-' - W 

() 29. Smith, F. — The Gastrulation of Aurelia flavidula, P6r. and Les. B. M. C. Z. 33 : 
115-126. 2 pis. Dec, 1891. 

V 30. Johnson* II. P. — Amitosis in the Embryonal Envelopes of the Scorpion. B. M. C. Z. 
33 : 127-162. 3 pis. Jan., 1892. 

^ 31. BoYER, E. R. — The Mesoderm in Teleosts : especially its Share in the Formation of 
the Pectoral Fin. B. M. C. Z. 33 : 91-134. 8 pis. Apr., 1892. 

C 32. Ward, H.B. — On Nectonema agile. B. M. C. Z. 33 : 135-188. 8 pis. Jun.,1892. 
y/ 33. Davenport, C. B. — On Urnatella gracilis. B. M. C. Z. 34: 1-44. 6 pis. Jan., ^ ) '^'V 
1893. ^^^ 

J 34. Davenport, C. B. — Note on the Carotids and the Ductus Botalli of the Alligator. 

B. M. C. Z. 34 : 45-50. 1 pi. Jan., 1893. ^-^ A 

y' 35. Hitter, W. E. — On the Eyes, the Integumentary Sense Papillae, and the Integu- ^ \f [o^ 
ment of the San Diego Blind Fish (Typhlogobius californiensis, Steindachner) . Ys. 

B. M. C. Z. 34 : 51-102. 4 pis. Apr., 1893. 

r 36. NiCKERSON, W. S. — The Development of the Scales in Lepidosteus. B. M. C. Z. 
34:116-140. 4 pis. Jul., 1893. 

j/ 37. Davenport, C. B. — Studies in Morphogenesis. — I. On the Development of the -<V \l4 »^ 
Cerata in ^olis. B. M. C. Z. 34 : 141-148. 2 pis. Jul., 1893. >^ ^ iJ( 
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38. WooDWORTH, W. McM. — A Method of Orienting small Objects for the Microtome. 

B. M. C. Z. 315 : 45-47. Dec, 1893. 

39. KopoiD, C. A. — On some Laws of Cleavage in Limax. P. A. A. 39: 180-203. 

2 pis. 1894. 

40. Davenport, C. B. — Studies, etc. — II. Begeneration in Obelia and its Bearing on 

Differentiation in the Germ-Plasma. Anat. Anz. 9 : 283-294. 6 figs. Feb. 15, 
:1894. 

41. IIoLBROOK, A. T. — The Origin of the Endocardium in Bony Fishes. B. M. C. Z. 

35 : 75-97. 5 pis. Aug., 1894. 

42. Castle, W. E. — Ou the Cell Lineage of the Ascidian Egg. A Preliminary Notice. 

P. A. A. 30 : 200-216. 2 pis. Oct., 1894. 

43. Weysse, a. W. — On the Blastodermic Vesicle of Sus scrofa domesticus. P. A. A. 

30:283-323. 4 pis. Dec, 1894. 

44. Wilcox, E. V. — Spermatogenesis of Caloptenus femur-rubrum. Preliminary 

Notice. Anat. Anz. lO : 303, 304. Dec 19, 1894. 

45. Miller, Gerrit S., Jr.— On the Introitus Vaginae of certain Muridas. P. B. S. N. H. 

36 : 459-468. 1 pi. Feb., 1895. 

46. Davenport, C. B., and Castle, W. E. — Studies, etc. — III. Oq the Accliraatiza. 

tion of Organisms to High Temperatures. Arch. f. Entwickelungsmechanik 3 : 
227-249. Jul. 23, 1895. 

47. Wilcox, E. V. — Spermatogenesis of Caloptenus femur-rubrum and Cicada tibicen. 

B. M. C. Z. 37 : 1-32. 5 pis. May, 1895. 

48. KoPOiD, C. A. — On the Early Development of Limax. B. M. C. Z. 37: 33-118. 

8 pis. Aug., 1895. 
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r 49. NiCKBRSOK, W. S. — On Stichocotyle ncphropis Cunningham, a Fara$<ite of the Ameri- 
. can Lobster. Zool.Jahrb., Abth. f. Anat. 8 : 447-480. 3 pis. 1895. 

50. Davenport, C. B. — Studies, etc. — IV. A preliminary Catalogue of the Processes "51 ^'^ j 
concerned in Ontogeny. B. M. C. Z. %7 : 171-199. 31 figs, in text. Nov., 1895. -<\ !< ^ 

V 61. Parker, G. II., and Floyd, R. — The Preservation of Mammalian Brains by Means ^ . > 
of Formol and Alcohol. Anat. Anz. 11 : 156-158. Sept. 28, 1895. r^ * 

^ 62. Castle, W.E. — The Early Embryology of Ciona intestinalis, Flemming (L.). 
B. M. C. Z. ar : 201-280. 13 pis. Jan., 1896. 

/ 53. Dayenport, C. B., and Neal, II. V. — Studies, etc. — V. On the Acclimatization Q 

of Organisms to Poisonous Chemical Substances. Arch. f. Entwiokelungsme- f > y * 
chanik 3 : 564-583. 3 figs. Jan. 28, 1896. 

•' 54. Parker, G. H., and Floyd, R. — Formaldehyde, Formaline. Formol, and Forma- f 
lose. Anat. Anz. 11 : 567, 568. Feb. 14, 1896. 

Q 55. Parker, G. II. — The Reactions of Metridium to Food and other Substances. 
B. M. C. Z. 2» : 105-119. Mar., 1896. 

56. Gbrodld, J. H. — The Anatomy and Histology of Caudina arenata Gould. 
P. B. S.N. H. ar : 7-74. 8 pis. and B. M. C. Z. a»: 121-190. 8 pis. Apr., 
1896. 

1^57. Parker, G. H. — Variations in the Vertebral Column of Necturus. Anat. Anz. 11 : f . '.'^ 
711-717. 2 figs. Mar. 29, 1896. 

y 68. Wilcox, E. v. — Further Studies on the Spermatogenesis of Caloptcnus femur- 
rubrum. B. M. C. Z. »» : 191-206. 3 pis. Jun., 1896. 

J* 59. Mayer, A. G. — The Development of the Wing Scales and their Pigment in Butter- 
flies and Moths. B. M. C. Z. a» : "207-236. 7 pis. Jun., 1896. 

^ 60. FoLSOM, J. W. — Neelus muriuus, representing a new Thysanuran Family. Psyche, ^ 
7:391,392. 1 pi. Jun., 1896 

O 61. Goto, S. — Vorlaufige Mittheilung iiber die Entwicklung des Seestemes Asterias j- 
pallida. Zool. Anz. 19: 271-273. Jun. 15, 1896. 

62. Parker, G. H. — Pigment Migration in the Eyes of Palaemonetes. A Preliminary , 
Notice. Zool. Anz. 19 : 281-284. 2 figs. Jun. 29, 1896. 

^ 63. Woodworth, W. McM.-Prcliminar}' Report on Collections of Turbellaria from o 
Lake St. Clair and Charlevoix, Michigan. Bull. Michigan Fish Commission, 
No. 6 : 94, 95. 1896. 

^ 64. Goto, S. — Preliminary Notes on the Embryology* of the Starfish (Asterias pallida). 
P. A. A. 31 : 3:«-335. Jul., 1896. 

"^ 65. WooDWORTH, W. McM. — Report on the Turbellaria collected by the Michigan 
State Fish Commission during the Summers of 1893 and 1894. B. M. C. Z. a» : 
237-244. Ipl. Jun., 1896. 

O 66. Tower, W.L.— On the Nei-vous System of Cestodes. Zool. Anz. 19: 323-327. 

2 figs. Jul. 20, 1896. 
67. Davenport, Gertrude C. — The Primitive Streak and Notochordal Canal in Che- ^ 

Ionia. Radcliffe Coll. Monographs, No. «, 54 pp. 11 pis. [Sept.], 1896. 
Q 68. Lewis, Margaret. — Centrosome and Sphere in Certain of the Nerve Cells of an 

Invertebrate. Anat. Anz. la : 291-299. 11 figs. Sept. 2, 1896. 

i"^ 69. JuDD, S. D. — Description of thre» Species of Sand Fleas (Amphipods) collected at P 
Newport, Rhode Island. Proc. U. S. Nat. Mus. 18 : 593-603. Iffigs. Aug., 1896. 

c 70. Jennings, II. S. — The Early Development of Asplanchna Herrickii de Guerne. 

A Contribution to Developmental Mechanics. B. M. C. Z. 30 : 1-118. 10 pis. 

Oct, 1896. 
71. Neal, II. V. — A Summary of Studies on the Segmentation of the Nervous System O 

in Squalus acanthias. A Preliminaiy Notice. Anat. Anz. la : 377-391. 6 figs. 

Oct. 20, 1896. 

^ 72. Davenport, C. B., AND Cannon, W. B. — On the Determination of the Direction /)^> 
and Rate of Movement of Organisms by Light. Jour, of Physiol, ai: 22-32, ' - 
Ifig. Feb. 5, 1897. 
73. Davenport, C. B., AND BuLLARD, C — Studies, etc. — VI. A Contribution to the 
Quantitative Study of Correlated Variation and the Comparative Variability of the 
Sexes. P. A. A. 3a : 87-97. Dec, 1896. 



;) 74. Matbb, a. G. — On the Color and Color-Patterns of Moths and Butterflies. 
B. M. C. Z. 30 : 167-258. 10 pis. Feb. [Mar.], 1897 and P. B. S. N. H. aT: 
243-330. 10 pis. Mar., 1897. 

76. Parker, G. H. — The Mesenteries and Siphonoglyphs in Metridium marginatum 
Milne-Edwards. B. M. C. Z. 30; 257-272. 1 pi. Mar., 1897. 

^ 76. Parker, G. H. — Photomechanical Changes in the Retinal Pigment Cells of Palae- 
monctes, and their Relation to the Central Nervous System. B. M. C. Z. 30 : 
273-300. Ipl. Apr., 1897. 

i. 77. Bunker, F. S. — On the Structure of the Sensory Organs of the Lateral Line of ff 
Amciurus nebulosus Le Sueur. Anat. Anz. 13 : 256-260. Mar. 3, 1897. 

78. WooDWORTH, W. McM. — On a Method of Graphic Reconstruction from Serial Sec- 
tions. Zeit. f. wiss. Mikr. 14 : 15-18. Jul., 1897. O 

'. 79. Brewster, E. T.— A Measure of Variability, and the Relation of Individual Varia- 
tions to Specific Differences. P. A. A. 39 : 269-280. May, 1897. 

C 80. Davenport, C.B. — The Rdle of Water in Growth. P. B. S. N. IL as : 73-84. 
Jun., 1897. 

81. Lewis, Margaret. — Clymene producta sp. nov. P. B. S. N. H. 88 : 111-115, 2 pis. 
Aug., 1897. 

82. Porter, J. F. — Two new Gregarinida. Jour. Morph. 14 : 1-20. 3 pis. Jun., 1897. ^ 

iX; 83. WooDWORTH, W. McM. — Contributions, etc. — II. On some Turbellaria from 
lUinois. B. M. C. Z. 31 : 1-16. 1 pi. Oct., 1897. 

D 84. Porter, J. F. — Trichonympha, and other Parasites of Termes flavipes. B. M. C. Z. 
31 : 45-68. 6 pis. Oct., 1897. 

O 85. Waite, F. C. — Variations in the Brachial and Lumbo-Sacral Plexi of Necturus 
maculosus Rafinesque. B. M. C. Z. 31 : 69-92. 2 pis. Nov., 1897. 

/ 86. Davenport, C. B., and Perkins, Helen. — A Contribution to the Study of Geo- fj^i * 
taxis in the Higher Animals. Jour, of Physiol. %% : 99-110. Sept. 1, 1897. ' ^ 

' 87. Parker, G. H., and Tozibr, C. H. — The Thoracic Derivatives of the Postcardinal 
Veins in Swine. B. M. C. Z. 31 : 131-144. 5 figs. Mar., 1898. 

88. Goto, S.— The Metamorphosis of Asterias pallida, with Special Reference to the 

Fate of the Body Cavities. Jour. Coll. Sci., Tokyo, lO : 239-278. 6 pis. 1898. 

C: 89. Neal, H. V. — The Segmentation of the Nervous System in Squalus acauthias. 
A Contribution to the Morphology of the Vei-tebrate Head. B. M. C. Z. 31 : 
145-294. 9 pis. May, 1898. 

' 90. Lewis, Margaret. — Studies on the Central ami Peripheral Nervous Systems of 
two Polychaete AnneHds. P. A. A. 33 : 223-268. 8 pis. Apr., 1898. 

V 91. Hamaker, J. I. — The Nervous System of Nereis virens Sars. A Study in Com- 
parative Neurology. B. M. C. Z. 39 : 87-124. 5 pis. Jun., 1898. 

^ 92. Field, W. L. W. — A Contribution to the Study of Individual Variation in the 
Wings of Lepidoptera. P. A. A. 33 : 389-396. 5 figs. Jun., 1898. 

1 93. Mark, E. L. — Preliminary Report on Brancliioccrianthus urceolus, A new Type of 

Actinian. B. M. C. Z. 33 : 145-154. 3 pis. Aug., 1898. 

94. Sargent, P. E. — The Giant Ganglion Cells in tlie Spinal Cord of Ctenolabrus '^ 
coeru eus. Anat. Anz. 15; 212-225. 10 figs. Dec. 20, 1898. 

/ 95. Rand, H. W. — Regeneration and Regulation in Hydra viridis. Arch. Entwickel- /^^.1 
ungsmcohanik, 8 : 1-34. 4 pis. Feb. 21,1899. 

'■ 96. FoLSOM, J. W.f-The Anatomy and Physiology of the Mouth-Parts of the Collem- 
bolan, Orchesella cincta L. B. M. C. Z. 35 : 5-39. Jul., 1899. 

97. Mark, E. L. — ** Branchiocerianthus," a Con'ection. Zool. Anz. 33: 274, 275. w 

Jun. 26, 1899. 

98. Bancroft, F. W. — Ovogenesis in Distaplia occidentalis Ritter (m8.) , with Remarks 

on Other Species. B. M. C. Z. 35 : 57-112. 6 pis. Oct., 1899. 

99. Galloway, T. W. — Observations on Non-sexual Reproduction in Dero raga. 

B. M. C. Z. 35 : 113-140. 5 pis. Oct., 1899. 

100. Parker, G. H. — The Photomechanical Changes in the Retinal Pigment of Gam- 

marus. B. M. C. Z. 35 : 141-148. 1 pi. Oct., 1899. 



9 101. Pabkkb, G. n^ AHD Datib, Frxdbrica K. — The Blood Vessels of the Heart in 
CarcharUs, Raja, and Amia. P. B. S. N. U. »«(S): 1»-17$. S pis. Oct., 1809. 
102. Rahd, H. W. — The Begnlatioo of Graft Abnormalities in llrdnu Arch. f. En- 
twickelangsmechanik, •(2): 161-214. Pis. &-7. Dec., 1890. 
f 108. Tkbxss, R. M.— Reaction of Entomostraca to Stimulation br Lifrht. Amer. ^^r i 

Joor. PhynoL 3(4): 157-182. Nor., 1899. 
^ 104. TdwKS, W. L.— The Kcrroos Sjstem of the CestoUe Moniezia ezpansa. Zool. ^ 

Jahrb., Abth. f. Anat. 13(3): 859-384. Pis. 21-26. Apr. 10, 1900. 
(3 105. WaiTB, F. C— The Stmctore and Derelopment of the Antennal Glands in Homaras 
americanos Milne-Edwards. B. M. C Z. 3«'S(7): 149-210. 6 pis. Dec., 1899. 
.* 106. Kabukht, P. £. — Reissner's Fibre hi the Canalis Centralis of Vertebrates. Anat. ;> 

Anz. 17(2-3): 88-44. 8 pis. Jan. 15, 1900. 
' 107. WiLiJax8,S.R. — The Specific Grarit; of Some Fresh. Water Animals in Relation 
to their Habits, Derelopment, and Composition. Amer. Nat. 34(398): 95-106. 
8 figs. Feb., 1900. 
^ 106. Ca8TI^ W. £.— The Metamerism of the Hlnidinea. P. A. A. 39(15): 288-«». 

8 figs. FebnlOOO. 
.' 109. LiHYiLLB, H. R.— Matoration and Fertilization in Palmonate Crasteropods. 

B. M. C. Z. 39(8): 211-248. 4 pis. May, 1900. 
110. Pakkkb, G. H.— Note on the Blood Vessels of the Heart in the Sonfish (Orthag- 
oriscos mola Linn.). Anat. Anz. 17(16-17): 313-816. 1 fig. Mar. 31, 1900. 
*) ill. Pratt, H.S. — The Embryonic History of Imaginal Discs in MelophagosoTinosL., 

etc. P. B. S. N. H. a«(18): 241-272. 7 pis. June, 1900. 
^ 111. Castls, W. E. — Some North American Fresh-Water Rhynchobdellidae, and their 
Parasites. B. M. C. Z. 30(2): 15-64. 8 pis. Aug., 1900. 
i0tk lis. BofWKBS, Mart A.— Peripheral Distribution of the Cranial Nerres of Spelerpes 
bilineatus. P. A. A. 30(11): in-193. 2 pis. Oct., 1900. 
114. FouM>M, J. W. — The Development of the Mouth-Parts of Anurida maritima Gu^r. 
B. M. 0. Z. 30(5): 85-157. 8 pis. Oct., 1900. 
"> 116. Pabxsb, G. H., and Bubnbtt, F. L. — The Reactions of Planarians, with and with. f . 

out Eyes, to Light. Amer. Jour. Physiol. 4(8): 373-385. 4 figs. Dec, 1900. 
^ 116. Tmrkes, R. M. — Reaction of Entomostraca, etc. 11. Reactions of J)aphnia and f^iK 

Cypris. Amer. Jour. Physiol. 4(8): 405-422. 6 figs. Dec, 1900. 
'^ 117. Gaijx»wat, T. W.— Studies on the Cause of the Accelerating Effect of Heat upon ^ 
Growth. Amer. Nat. 34(408): 049-957. 6 figs. Dec, 1900. 
'^ 118. Pakkxb, G. H. — Correlated Abnormalities in the Scutes and Bony Plates of 

the Carapace of the Sculptured Tortoise. Amer. Nat. 39 (409): 17-24. 5 figs, f/ 
Jan., 1901. 
119. TsBKES, R. M. — A Study of Variation in the Fiddler Crab Gelasimus pugilator 
Latr. P. A. A. 30(24): 415-442. 3 figs. Apr., 1901. 
* 120. Pabksr, G. H., and Arkin, L. — The Directiye Influence of Light on the Earth. 1/ , 
worm Allolobophoraf<Btida(Sav.). Amer. Jour. Physiol. 9(3): 151-167. 1 fig. ' 
Apr., 1901. 
121 . Strong, R. M . — A Quantitative Study of Variation in the Smaller North- American 
Shrikes. Amer. Nat. 39 (412): 271-298. 8 figs. Apr., 1901. 

O 122. Sarobnt, P. E. — The Development and Function of Reissner's Fibre, and its 
Cellular Connections. P. A. A. 36(25): 443-452. 2 pis. Apr., 1901. 

128. Prentiss, C. W. — The Otocyst of Decapod Crustacea: Its Structure, Develop- 
ment, and Functions. B. M. C. Z. 36(7): 165-251. 10 pis. July, 1901. 

124. Peters, A. W. — Some Methods for Use in the Study of InfUsoria. Amer. Nat. 
39(415): 653-659. 2 figs. July, 1901. 

126. Prentiss, C. W. — A Case of Incomplete Duplication of Parts and Apparent Regu- *) 
lation in Nereis virens Sars. Amer. Nat. 39(415): 563-574. 6 figs. July, 1901. 
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COLLEGE. ( Continued,) 

^ 126. Rand, H. W. — The Regenerating Neryous System of LumbricidtB and the Cen- 
trosome of its Ncrre Cells. B. M. C. Z., 37(3) : 83-164. 8 pis. Sept., 1901. 
127. Fbandsbn, p. — Studies on the Reactions of Limax maximus to Directive Stimuli. 
P.A.A.,3T(8):183-227. 22 figs. Oct., 1901. 
' 128. Ybbkbs, R. M . — a Contribution to the Nervous System of Gonionemus murbachii. T %' 
Ft. I. Amer. Jour, of Physiol.,© (8): 434-449. Feb., 1902. 
129. Oppbnhbimeb, a. — Certain Sense Organs of the Proboscis of the Polychaetous 
Annelid Rhynchobolus dibrancbiatus. P. A. A., :tTf21) : 551-669. 6 pis. 
Apr., 1902. 
^ 130. Williams, S. R. — Changes Accompanying the Migration of the Eye and Obser- 
vations on the Tractus opticus and Tectum opticum in Pseudopleuronectes 
americanus. B. M. Z. C, 40(1) : 1-67. 6 pis., 7 figs. May, 1902. 
'^^ 131. Ybbkks, R. M. — A Contribution to the Nervous System of Gonionema murbachii. VfJ. 
Pt. II. Amer. Jour, of Physiol., T(2) : 181-198. May, 1902. 
132. BiQBLOW, M. A.— The Early Development of Lepas. A Study of Cell-Lineage 
and Germ-Layers. B. M. C. Z., 40(2) : 59-144. 12 pis. July, 1902. 
C" 133. Pabkbb, G. H. — Notes on the Dispersal of Sagartia luoiae Verrill. Amer. Nat., '^ 
36(426) : 491-493. June, 1902. 
134. HowB, F., Jr. — A Case of Abnormality in Cats' Paws. Amer. Nat., 30(427) : U 

511-626. 18 figs. July, 1902. 

136. Stbonq, R. M. — The Development of Color in the Definitive Feather. B. M. C. Z., 

40 (3) : 146-185. 9 pis. Oct., 1902. 

' 136. Castlb, W. E. — Menders Law of Heredity. P. A. A., 38(18): 633-648. Jan., 1903. 

137. Castlb, W. E. — The Heredity of Sex. B. M. C. Z., 40(4): 187-218. Jan., 1903. 

C 138. Parkbb, G. H. — The Optic Chiasma in Teleosts and its Bearing on the Asymmetry 

of the Heterosomata (Flat Fishes). B.M.C.Z.,40(5): 219-242. Ipl. Jan., 1903. 

> 139. Mark, E. L. — A Parafilne Bath heated by Electricity. Amer. Nat., 37(434) : 

116-119. 3 figs. Febr.,1903. 
. 140. Adams, G. P. — On the Negative and Positive Phototropism of the Earthworm 
Allolobophora fcetida (Sav.) as determined by Light of Different Intensities. 
Amer. Jour, of Physiol., 9(1): 26-34. 2 figs. Mar., 1903. 



